Objective: Impaired health conditions and related lack of adequate host healing are among the most important conditions that account for dental implant failure. Today clinicians face an increasing number of immunocompromised patients requesting implant-based rehabilitation. To provide clinical evidence for prospective decision-making, the aim of this systematic review and meta-analysis was to analyse the influence of immunodeficiency on dental implant survival. Methods: The study was conducted according to the PRISMA Statement and the principles of the Cochrane Collaboration. MEDLINE and Web of Science were searched. Results were calculated by the pooled incidence of implant loss. Reported odds ratios (OR) from fully adjusted models were preferred. Distinct risk estimates were synthesised with 95% confidence intervals. Results: A total of 62 publications including 1751 endosseous implants placed in immunocompromised patients were included. For the follow-up of 24 months and longer, the mean survival rate of implants in patients with HIV was 93.1%, chemotherapy was 98.8%, autoimmune disease was 88.75%, after organ transplantation was 100%. Crohn's disease showed a significant effect on early implant failure and resulted in increased, however not significant, implant loss. Conclusion: No significant effect of immunocompromised conditions on implant survival was detectable. Implant-based therapy in immunocompromised patients should not aggravate the general morbidity and must not interfere in life-saving therapies. A careful risk stratification prior implant therapy is fundamental. To further decipher the role of immunosuppression on dental implantology, more data from controlled and randomised studies are needed.
Introduction
Implant-based dental rehabilitation is an expanding desire in our continuously growing and ageing society. Besides patient's comfort and aesthetic recovery, the regeneration of the physiological function with dental implants could be directly linked to an improved overall health status and increased quality of life [1] . Still, it is undisputable that vice versa the medical status of the patient has great influence on the success rate of dental implants.
Impaired health conditions and related lack of adequate host healing are among the most important conditions that account for implant failure [2, 3] .
Today, clinicians are challenged by the conflicting demands of their edentulous patients and responsible decision-making according to their patient's medical status and history, since implant-based dental rehabilitation remains an elective treatment. Accordingly, it is mandatory to identify and exclude patients with local or systemic contraindications to ensure successful implant therapy without jeopardising patients' health [4] .
Adequate function of the immune system is a prerequisite for any non-compulsory surgery. The immune system's inflammatory response plays a pivotal role in targeting infections as well as in orchestrating healing processes [5, 6] . Besides post-operative wound healing, the osseointegration of the inserted implant is one of the foremost steps towards successful rehabilitation [7] . It was shown that osseointegration originates from the same mechanisms as bone fracture healing and is thus directly linked to an adequate immune response [8] .
However, due to a constantly improving health care with greater life expectancy as well as new indications for immunosuppressive treatments, oral and maxillofacial surgeons face an increasing number of patients that are immunocompromised or exhibit immunosuppression in their medical record. In a cross-sectional analysis regarding self-reported immunosuppression among US adults, the prevalence was 2.7, 4.2% faced immunosuppression at some time and 2.8% were under continued immunosuppression [9] . Predominantly rising in westernised societies, the prevalence of autoimmune disorders in Europe and North America had an estimated increase up to 12.5% to date [10, 11] .
Transitory alterations of the immune system, for example during pregnancy or after strong allergic reactions as well as transient immunosuppression such as the open-window phenomena following intense longduration exercise with suppressed concentration and proliferation of lymphocytes, natural killer cell activity and reduced IgA secretion in saliva are often selflimiting [12, 13] . In clinical decision-making, it is always advisable to await the recovery of the immune system prior implant therapy if possible. Besides shortterm impairment of the immune system, the general process of ageing is directly linked to an increased risk of infections, malignancy, and autoimmune disorders often referred to as immunosenescence [14, 15] .
The management of continuously immunocompromised patients is an immense and complex medical field and thus impossible to cover exhaustively in a general review.
Still, there is the need to address the option for implant therapy in the increasing population of patients under immunosuppressive therapy that prevents or mitigates common chronic diseases, treats HIV and cancer, or after transplantation. Given the broad range of indications for glucocorticoid therapy such as asthma, rheumatism, and connective tissue disorders, it is almost certain to encounter a patient under corticosteroid therapy who requests implant-based rehabilitation [16] .
Consequently, the aim of this systematic review and meta-analysis was to compare treatment results of implant dentistry in immunocompromised patients with them in not immunocompromised patients. Particular attention was given to the cause of immunosuppression and the subsequent influence on implant survival to provide clinical evidence for prospective therapy decision-making.
Materials and methods

Databases and search strategy
The central question of this study was designed after the PICOS template: "In patients after a therapy with dental implants (P) and suffering from different conditions of immunosuppression/immunodeficiency (I) can there be an increased risk of implant loss observed (O) compared with non-immunosuppressed patients (C), retro-and prospective clinical interventional studies, surveillance studies, cross-sectional studies, cohort studies and case series were included (S)." The aim was to answer this question by a systematic literature search based on the PRISMA Statement.
Hence, this systematic review and meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement [17] and the principles of the Cochrane Collaboration ( Fig. 1 ) [18] [19] [20] . All steps were documented in a protocol prior to execution (not published). The conducted search strategy was created in close collaboration with an information scientist and used the following databases: MEDLINE via the search interface OvidSP (keyword search) and Web of Science by Thompsen (all core databases, i.e. Science Citation Index, MEDLINE, Biosis). For the detailed search history see Additional file 1. The search was conducted in November 2017.
Inclusion and exclusion of studies
In order to limit the recorded entries to the relevant material, inclusion and exclusion criteria were specified in advance by the reviewers. The initial criteria were not subjected to any alterations throughout the study:
The following inclusion criteria were applied:
1. English or German language 2. Human -retrospective and prospective clinical interventional and surveillance studies; crosssectional studies, cohort studies and case series
The following criteria lead to exclusion:
In vitro studies 2. Animal studies
Study selection and data extraction were performed by three independent reviewers. Ambiguities were discussed among the authors until consensus on inclusion/exclusion was reached.
Data extraction
Information was extracted from each included study of the following data items and if applicable with the indicated values in brackets: (1) author, (2) publishing year, (3) study type, (4) medical condition (HIV infection, chemotherapy, transplantation, autoimmune disease, oral cancer/squamous cell carcinoma), (5) number of patients included in the study, (6) fraction of female and male patients, (7) age of the patients (median), (8) absolute number of placed implants, (9) absolute number of failed implants, (10) time of implantation after extraction, (11) time of loading, (11) maximum follow-up period, (12) survival rate of implants, (13) localisation (mandible, maxilla), (14) generic therapy term (antiretroviral therapy, steroid containing medication, chemotherapy, immunosuppressive drugs), (15) applied drug, (16) duration of the applied therapy at the time of implantation, (17) underlying disease (Crohn's disease, oral lichen planus, rheumatoid arthritis, scleroderma, Sjogren syndrome, dermato myositis, pemphigus vulgaris, polymyalgia rheumatica, systemic lupus erythematosus, oral cancer/squamous cell carcinoma), (18) CD4 cell count, (19) viral load, (20) prescribed antibiotic drug, (21) period in which the study was carried out, (22) type of effect estimate (relative risk, odds ratio, attributable risk/excess risk, arcsine difference, standardised mean difference, weighted mean difference, hazard ratio), (23) value of effect estimate, (24) risk of bias assessment, (25) overall objectives of the study, (26) setting and/or place of study, (27) additional information. The authors of one study were contacted by mail to clarify missing, insufficient, inadequate, or controversial data. Studies with continuous unclear or incomplete data were excluded. All data are available in the Additional file 2.
Risk of bias assessment within the studies
All controlled studies were assessed for their risk of bias according to the tool of the Cochrane Collaboration adjusted to non-randomised studies [21] . The classifications were "low risk," "high risk," and "undetectable risk" of bias. Seven different categories were evaluated, including "random sequence generation," "allocation concealment," "blinding of participants and personnel," "blinding of outcome assessment," "incomplete outcome data," "selective reporting," and "other sources of bias." Results of the risk of bias assessment are reported for each individual study Table 1 .
The risk of bias assessment was reported for each individual study and detected random sequence generation (Rand_seq_gen), allocation concealment (All_conceal), blinding of participants and personnel (Blind_per), blinding of outcome assessment (Blind_out), incomplete outcome data (Inc_data), selective reporting (Sel-report), and other sources of bias (Other_sources). The risk of bias was characterised as low risk, high risk, and undetectable risk (low, high, unclear).
Qualitative synthesis
Results were reported group-wise for the following medical conditions as extracted: HIV infection, chemotherapy, transplantation, autoimmune disease, oral cancer/ squamous cell carcinoma.
Statistical analysis
Means of survival rates were calculated for medical condition as extracted (see above) from the mean survival rates of individual studies weighted for included patients. Means were calculated for studies with follow-up shorter than 6 months and longer than 24 months.
We employed the generic inverse variance method by using a random effects model to calculate the pooled incidence of implant loss [22] . Where available, the reported odds ratios (OR) from fully adjusted models were preferred. Distinct risk estimates were synthesised with 95% confidence intervals [22] . "R" was used for the conduction of all analysis and graphics (version 3.5.0) [23, 24] .
Results
A total of 2097 records were identified through the electronic database search. Twenty-six articles were found by manual search. A total of 1626 duplicate adjusted citations were selected. Of these, 1470 records were excluded after reviewing the abstracts because these papers did not meet the inclusion criteria. Of the remaining 156 citations, the full texts were examined in more detail. An additional 94 articles did not meet the inclusion criteria and were excluded. Sixty-two studies met the inclusion criteria and were included in the systematic review.
A total of 3 publications on implant therapy in immunosuppressed patients suffering from Morbus Crohn were eligible for meta-analysis ( Fig. 1 ).
HIV and AIDS
A total of 16 studies with 578 implants were identified regarding implant-based rehabilitation in HIV and AIDS patients. In the four prospective studies, with one controlled study, none of the authors found significant correlations between HIV-related immunodeficiency and implant failure [25] [26] [27] [28] [29] . The highest survival rate of 100% was seen in the only controlled prospective study after a follow-up of 6 months, with no detectable difference between HIV-infected and uninfected patients regarding clinical response and osseointegration of the implants [25] . The lowest detected survival rate among the prospective studies was 90.91% with the longest follow-up of 60 months [26] .
It is important to note that this was the only study included in this review which analysed implants placed exclusively in patients meeting the AIDS criteria according to the American Center for Disease Control and Prevention with a cluster of differentiation 4 (CD4) count below 200 cells per microliter [26] . If information was available at all, the remaining studies enrolled only individuals with a stable disease based on CD4 count and HIV viral load as well as the absence of severe immunodeficiency with high recurrence of opportunistic infections, wasting disease, and disseminated malignancy in implant therapy.
In the retrospective overview study by Malo et al. 2016 analysing long-term results of dental implants in patients with systemic disorders, five HIV-positive patients were enrolled of which 4 suffered from concurrent conditions such as smoking or cardiovascular disease. Of the 40 inserted implants, 2 failed due to unknown reasons over the follow-up of up to 9 years [30] . Similar results were seen in the retrospective study by Gay-Escoda et al. 2016 where nine patients received a total of 57 implants and a survival rate of 98.25% over 78-month follow-up [31] . Out of nine case reports from 1998 to 2016 and one controlled pilot study, there was no correlation between CD4 count (CD4 counts ranging from 150 to 1000 cells/ μl) and implant failure [32] [33] [34] [35] [36] [37] . The success rate in all but one case reports was 100% with follow-up times ranging from 6 to 122 months. Only one out of four implants was lost in one case after 4 months due to failed osseointegration, but could be replaced successfully [38] . The detected causes of implant failure were periimplantitis, tilted implants, failed osseointegration, and early infection.
For follow-up of 24 months and longer, the mean survival rate of implants in patients with HIV was 93.1% with an average follow-up of 31.7 months (n = 200, Table 2 ).
Mean of survival rates and follow-up (FU) for given groups of medical condition sorted by number of included patients. Only studies with follow-up longer than 24 months are included.
Chemotherapy
Eight studies comprising a total of 144 implants were enrolled to show the influence of chemotherapy on the success rates of dental implants. The four retrospective studies [39] [40] [41] of which only one was controlled [42] and two prospective studies [43, 44] revealed no significant influence of chemotherapy on the success rate of dental implants. In the only available controlled study performed by Kovacs et al. 2001, there was no significant difference in the Kaplan-Meier life-table analysis (Log-Rank P = 0.2230) on cumulative survival of dental implants comparing groups with and without chemotherapy over a time period of up to 120 months. The groups comprised 17 patients receiving 54 implants in the control group and 30 patients receiving a total of 106 implants in the group that received chemotherapy (cisplatin or carboplatin and 5-fluorouracil). The function of prosthesis was comparable in both groups with a mean prosthetic loading of the implants of around 36 months (chemotherapy 35.8 ± 26.3 months, control 36.2 ± 29.7 months). The uncontrolled prospective and retrospective studies analysed implant success and associated risk factors in the patients' medical records of which chemotherapy was one. The study by Moy et al. 2005 analysed 10 implants placed in 10 patients undergoing chemotherapy. One implant was lost due to unknown cause resulting in a success rate of 90% (RR = 63). There was neither information given on the applied type of chemotherapy nor the follow-up time [40] . In the case reports as well as the two studies by Alsaadi et al. , 2008 and the retrospective study by Ihara et al. 1998 , a total of 28 implants were inserted and showed no adverse effect of chemotherapy. The success rates were 100% in all studies with follow-up times between 3 and 28 months [39, 41, 43, 45, 46] .
For follow-up of 24 months and longer, the mean survival rate of implants in patients after chemotherapy was 98.8% with an average follow-up of 112.5 months (n = 51, Table 2 ).
Immunosuppression in autoimmune diseases
A total of 19 studies, 11 case reports, 2 prospective, and 6 retrospective studies investigated the influence of autoimmune diseases and treatment modalities with steroid derivatives and immunosuppressant drugs on the survival rates of dental implants. A total of 596 inserted implants in 129 patients were examined between 6-and 156-month follow-up. Out of the patient collective, 68 were female and 1 male and in 60 cases, data on the sex of the patient was not available. In 13 investigations, the predominantly used drug to treat the underlying autoimmune disease was some sort of steroid medication [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] . One study applied an additional immunosuppressive drug [60] . Five studies did not mention the type of medication [30, 39, 43, 44, 61] and two studies reported the application of steroids but did not inform about the underlying autoimmune disease [39, 61] . In five studies, 9 patients that suffered from co-existing autoimmune disorders (rheumatoid arthritis and Sjogren's syndrome, rheumatoid arthritis and dermato myositis, oral lichen planus and Sjogren's syndrome) received a total of 39 implants of which none was lost over a follow-up time ranging from 21 to 156 months [51, 54, 55, 58, 59] . In neither of the studies did the comorbidity of autoimmune diseases affect the implant survival. The study by Malo et al. 2016 showed a survival rate of 86.1% between year one and 7 and 80% in the following 2 years. Between 9 and 11 years, the survival rate dropped to 72%. There was no detailed information on the type of disease or the therapy targeting the rheumatological disorder of the patients. The dropout rate was estimated at 12% [30] .
In the reviewed case reports comprising the autoimmune diseases polymyalgia rheumatica, pemphigus vulgaris, scleroderma, Sjogren's syndrome, and systemic lupus erythematosus, the survival rate was 100% during follow-up periods ranging from 4 to 13 years. All patients received prednisone or cortisone therapy and no effect on implant survival of either the medication or the underlying autoimmune disease was detected.
For follow-up of 24 months and longer, the mean survival rate of implants in patients with autoimmune disease was 88.75% with an average follow-up of 72.6 months (n = 100, Table 2 ).
Rheumatoid arthritis
Three retrospective, one prospective, and four case reports analysed a total of 236 implants placed in 56 patients suffering from rheumatoid arthritis [39, 50, 51, 54, [58] [59] [60] [61] . Seven patients were additionally diagnosed with Sjogren's syndrome and one patient with dermato myositis [51, 54, 58, 59] . In the retrospective analysis, survival rates were 100%. Weinlaender et al. 2010 showed a survival rate of 100% of 83 implants inserted in 21 patients after a follow-up of 46 months [51] . Likewise, Krennmair et al. 2010 had no implant loss after 47.6-month follow-up in 25 patients that received a total of 95 implants [50] . In both studies, the patients received some form of corticosteroid therapy. Alsaadi et al. 2008 showed that no implant was lost in a study comprising 6 patients with 28 implants over a period of 24 months [39] . The only prospective study reported a survival rate of 92.9% with one out of 14 implants lost due to unknown reason [61] . No influence of rheumatoid arthritis on the overall survival rate of dental implants was detected.
Morbus Crohn
Four studies were included investigating the influence of Crohn's disease. Two studies were prospective, published in 2002 and 2008, and two studies were conducted retrospectively, published in 2007 and 2008 [39, 43, 44, 61] .
The highest survival rate of over 90% was found in a recent prospective study from 2008. Herein, the influence of systemic and local factors on the occurrence of early failures was investigated. Only one implant of a total of twelve implants with modified oxidised titanium surfaces was lost during an observation period of 6 months. Still, the Crohn's disease is significantly related to early implant failure, as described by a GEE value of 0.02 and a fisher value of 0.21 [39] . However, the information on the exact number of patients is missing. In the prospective study by van Steenberghe et al. 2002, two of the three patients lost overall three out of ten implants according to an early implant failure up to abutment connection [44] . However, these patients presented also other risk factors in addition to the existing Crohn's disease, among them claustrophobia, poor bone quality, and smoking more than ten cigarettes a day. A comparable survival rate is shown by a retrospective study with the longest observation period of 2 years. In addition to the early implant failure, the late failure after loading was investigated. During the 2-year period, three out of twelve implants were lost [39] . Crohn's disease resulted in increased, however not significant, implant loss (OR = 10.09; 95% CI, [0.73, 139.79]; P value, 0.09).
In the other retrospective study, patient data from1982 to 2003 were evaluated with regard to early implant failure associated with local and systemic risk factors [61] . A significant effect of Crohn's disease on early implant failure was found (OR = 7.95; 95% CI, [3.47, 18.24] ; P value, 0.001). The exact patient data, such as number of treated patients, as well as the exact number of placed and lost implants, was not provided.
The aforementioned studies could be included in the only meta-analysis of this systematic review. The significant pooled OR is 8.12 with a 95% CI of [3.68, 17 .92] (Fig. 2) .
There is a broad heterogeneity of available patient and implant information, with often missing information. Still, the investigated studies show increased implant loss in the presence of Crohn's disease with a trend towards early implant failure.
Immunosuppression after organ transplantation
Dealing with implant-based rehabilitation and immunosuppression after organ transplantation, a total of 6 studies with 107 placed implants in 39 patients were included of which 2 were prospective studies without control and 4 case reports. The two prospective studies were published in 2012 and 2015 [62, 63] .
The case reports were published in 2004, 2011, and 2014 [64] [65] [66] [67] . The authors found no significant correlations between immunosuppression after organ transplantation and implant failure. All identified studies and case reports describe an implant survival rate of 100% with a follow-up of 58 months as mean (3-118 months) with no effect on clinical findings or on osseointegration of the implants. The loading time after implantation differs from 3 months for the maxilla up to 9 months of the mandible. In the prospective studies, 12 months after extraction of teeth implants were placed. Regarding the case reports, it differs from 1 to 5 months as waiting time between extraction and implant placement. As immunosuppressive drugs tacrolimus, sirolimus, cyclosporine, and mycophenolate were used, steroid prednisolone was applied. The indication for immunosuppression was a liver transplantation in 26 patients and a heart transplantation in 13 patients. Twenty-seven patients receive a prophylactic antibiotic therapy, like moxifloxacin, for 6 days or amoxicillin with clavulanic acid for 5-6 days.
For follow-up of 24 months and longer, the mean survival rate of implants in patients after organ transplantation was 100% with an average follow-up of 47.8 months (n = 16, Table 2 ).
Discussion
To date, scientific evidence regarding the influence of primary and secondary immunodeficiency or immunosuppressive treatment modalities on survival rates of endosseous implants is yet vague and very heterogeneous. Thus, evidence-based decision-making whether or not to bestow implant-based dental rehabilitation upon immunocompromised patients is still impaired. To address this issue, the present systematic review analysed the available literature on the influence of different types of immunosuppression (HIV, chemotherapy, autoimmune disorders and steroid medication, organ transplantation) on the outcome of the applied implant-based therapies in terms of implant survival.
HIV
HIV infection and subsequently AIDS as an epidemic with devastating debilitation of the patients evolved over the past 30 years into a stable yet chronic disease. Accordingly, there is a constantly increasing number of patients in different stages of disease that are requesting implant-based dental rehabilitation. Regarding HIVseropositive patients with a CD4 count over 200 cells/μl, the present review did not find a significant failure rate compared with healthy patients. Several studies regarding healing response, general implant infection rates, or post-operative complications linked to immunological values could not show a significant difference to healthy patients [68] [69] [70] .
Moreover, only few studies focused on patients in a severely immunocompromised state with a CD4 count lower than 200 cells/μl. These patients are prone to develop symptoms of AIDS, such as opportunistic infections and neoplasia. Still, there was no evidence regarding a direct relationship between the CD4 count and the risk of post-operative infections [25] [26] [27] . In a systematic overview by Ata-Ali et al. 2015, the administration of antibiotics was deciphered as among the main influencing factors when analysing the osseointegration of dental implants in HIV-positive patients [71] . Likewise, in 75% of the analysed studies, different forms of antibiotic treatments were applied upon implant surgery. The prophylactic application of antibiotics was shown to reduce the risk of implant failure, however not influencing the risk of post-operative infections [72, 73] . Accordingly, it is advisable to consider its application when treating HIV-seropositive patients.
Chemotherapy
Chemotherapy is one of the fundamental pillars of cancer treatment. To date, a broad variety of antineoplastic drugs designed to target certain forms of cancer are available and their number is constantly increasing. Accordingly, it is impossible to comprehensively cover all mechanisms of biological actions of chemotherapies that may interfere with implant surgery.
One of the foremost parameters of successful implant therapy, osseointegration, is not well elaborated with regard to chemotherapy. Although several animal studies have shown a negative effect on bone remodelling and fracture healing, information in humans are sparse [74, 75] . There is evidence that chemotherapy treatment may entail a multitude of negative effects on patients with pre-existing implants, such as mucositis and painful peri-implant infections as well as systemic effects such as fever and septicaemia. However, most of these reported side effects were seen on subperiosteal and blade implants, surpassed to date [76] . Contrary, it was shown that osseointegration is not necessarily impaired during the course of chemotherapy. In the case report of Steiner et al. 1995 , the uncovering of two dental implants was performed uneventfully during chemotherapy to treat a non-Hodgkin's lymphoma. Sager et al. 1990 successfully inserted a total of four implants during the recovery period of melphalan chemotherapy cycles targeting a multiple myeloma. During the follow-up of 18 months with functional prosthesis, no implants were lost and no signs of peri-implant inflammation were seen [46] . Both authors were performing surgeries with regard to the patients' white blood cell count and emphasised the importance of a close cooperation with the oncologists. In both case reports, the patients were set under antibiotic treatment until suture removal. In the only available controlled study by Kovacs at al. 2001 on patients with squamous cell carcinoma treated either with chemotherapy (cisplatin or carboplatin and 5-fluorouracil) or ablative surgery only, there was no statistically difference on implant survival. Patients receiving chemotherapy were subjected to implant surgery around 10 months after the last cycle. Implant success rates were over 98% in both groups during a follow-up of up to 120 months. The only available metaanalyses stated that implant failure rates were not affected by chemotherapy application (risk ratio 1.02, 95% confidence interval 0.56-1.85; P = 0.95); however, the performed statistic was substantially affected by the inconsistency of study designs [77] .
Since chemotherapy is mostly administered in cycles, with alternating treatment and recovery periods, it seems advisable to await the completion of treatment before implant therapy. Moreover, an interdisciplinary approach in close cooperation with the responsible oncologists is preferable.
Autoimmune diseases
The breakdown of immunologic tolerance towards selfmolecules leads to an immune response that subsequently manifests in several forms of autoimmune diseases [78] .
The initiation factors that start this autoimmune response are mostly unknown; still there is evidence that socioeconomic, genetic, and environmental factors as well as certain types of infections play a pivotal role. Over the last decade, there is increasing evidence for a steady rise in the frequency of autoimmune diseases [11] . Approximations on the prevalence of autoimmune disorders range from 3% in Europe and North America at the beginning of the century up to 12.5% to date [10, 11] . Autoimmune disorders are predominantly rising in westernised societies, those having access to hygiene and advanced health care [11] . Consequently, there is an increasing number of patients with autoimmune disorders requesting dental implants.
The present study investigated a total of 596 inserted implants in 129 patients. With regard that information on the sex was not always available, the given information revealed a clear trend towards female patients that comprised 98% of the patients collective. It is known that autoimmune disorders predominantly occur in women. Today 75% of those suffering from autoimmune disorders are female [10] .
Clinical investigations on the associations among autoimmune diseases revealed that these conditions, conventionally considered as distinct disorders, often co-exist in one patient. Typically patients are associated with an index disease and the occurrence of other autoimmune disorders is assessed within the index population [79] . Weng et al. found among others a significantly increased occurrence of rheumatoid arthritis and Sjogren disease [80] . This constellation of comorbidity was the most frequent in the assessed literature where 35 implants were inserted in 7 patients suffering from the burden of rheumatoid arthritis and Sjogren's syndrome. In the follow-up period ranging from 46 to 156 months, no implant was lost. In addition, no other constellation of coexisting autoimmune disorders showed a significant influence on implant survival.
It is well documented that exogenous corticosteroids, including low-dose inhaled drugs, can suppress counterregulatory immune response to illness and tissue injury.
Similar mechanisms are described in response to surgery and trauma where plasma ACTH and cortisol concentrations increase. Still there is a general patient-topatient variability with regard to age, sex, and other influencing co-factors such as anaesthesia, opioids, or infections [16] . In the analysed studies, the predominant medication in patients suffering from autoimmune disorders is prednisone or cortisone therapy. In neither of the studies, a direct effect on implant survival of either the medication was detected.
Morbus Crohn
Crohn's disease is a chronic inflammatory bowel disease, which mainly affects the gastrointestinal tract. Antigenantibody complexes lead to autoimmune inflammatory reactions which is why immunosuppressive and antiinflammatory drugs are part of the spectrum of therapy. Examining early implant failure, all three studies [43, 44, 61] concluded that Crohn's disease is related to early implant failure. The studies of Alsaadi et al. from 2008 and substantiated this outcome statistically with significant P values of less than 0.001 in the study of 2007 and 0.02 in the study of 2008. The causes for the cumulative incidence of early implant failure are widely discussed. One theory implies that antigen-antibody complexes lead to autoimmune reactions in the area of the bone-implant contact, thus influencing the osseointegration of the implants [81] . Furthermore, the malnutrition, which often occurs in the course of Crohn's disease, possibly results in a deficient bone healing around dental implants [82] .
Only one study considered the late loss of implants [39] . The total observation period was 2 years. The P value of 0.09 is slightly above the significant value of 0.05. Yet, further studies are needed to examine more closely the late implant loss and to permit a general statement.
In the study by van Steenberghe from 2002, patients showed other medical factors additionally to the existing Crohn's disease, including claustrophobia, poor bone quality, and smoking. Also examining these factors, the authors concluded that patients suffering from claustrophobia had an increased failure rate. Likewise, the other two factors, poor bone quality and heavy smoking, led to a higher incidence of implant failure. Still, such heterogeneous and superficial results should be considered with caution [44] .
The present study indicates a clear trend towards early implant failure, which, however, needs to be proven yet in larger scale controlled trials. With regard to late implant failure, further randomised controlled studies with longer observation periods are necessary to allow for final recommendations.
Immunosuppression after organ transplantation
Based on the fact that there is a growing number of solid organ transplant recipients, the dentists come face to face with the needs of dental rehabilitation of patients which endure a massive dental clearance before transplantation to decrease the rate of infectious diseases [83, 84] . Nevertheless, in 50% of the analysed studies, a prophylactic antibiotic treatment was administered [63, 64, 67] . Respectively, the application of antibiotics in case of dental implant placement could be advisable.
Different post-transplantation protocols prefer different immunosuppression protocol. Taking into account the results of the presented review, the choice of immunosuppressive drugs had no detectable effect on the implant survival rate. Neither steroids nor immunomodulatory drugs increase the risk of implant failure. Negative aspects of the implant site connected to immunosuppression were not seen. To conclude, the evidence of included studies is limited due to the fact of missing randomised controlled trials, but regarding the results of the named studies, which are mainly case reports, no limitation for implantation of dental implants could be seen.
Limitations
The available studies rely on a small yet very heterogenous patient collective and are predominantly characterised by the lack of control groups and a low level of specificity. No randomised controlled studies on immunosuppression and dental implant rehabilitation were available. Further limitations were seen in the different methodological approaches of the analysed prospective and retrospective studies. Only few studies had a control group, usually the studies compared with healthy patients or provided no control group at all. Results were often summed up and not clearly identified or patient related, i.e. implant loss per patient. Furthermore, the exclusion of implant-related diseases such as peri-implantitis may be considered as a limitation. It remains unknown whether these factors are influenced by immunosuppression and may lead to implant failure at a time-point that exceeds the follow-up of the patient. Only studies in English or German language were considered accordingly data maybe missing. Such limited quality of primary studies leads to the urgent need for randomised controlled studies with more patients on the effects of immunosuppression on dental implants.
Conclusion
To our knowledge, this is the first systematic review which collected evidence for the influence of different immunodeficient conditions (HIV/AIDS, organ transplantation, autoimmune disease, and Morbus Crohn) on the survival of dental implants. The review was conducted according to the high standards of the Cochrane Collaboration and the PRISMA statement.
There is only little evidence for deteriorating influences of immunodeficient conditions on the survival of dental implants. Regarding the analysed immunosuppressive conditions, only Crohn's disease showed a significant effect on early implant failure and resulted in increased, however not significant, implant loss. There was no significant effect on implant survival in the remaining immunocompromised conditions detectable. However, the methodical quality of the included studies is generally low and the number of patients analysed is small. Therefore, these results should be interpreted with caution due to the low strength of evidence in case series as well as prospective and retrospective studies.
Hence, there is no data-based final conclusion on whether or not to place dental implants in patients receiving immunosuppression or suffering from immunosuppressive conditions. Implant-based therapy in immunocompromised patients should not aggravate the general morbidity and must not interfere in lifesaving therapies and thus jeopardising patient's health. In general, a careful risk stratification prior implant therapy based on the patients' medical record and current medical status is fundamental.
